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(SI) Abstract 
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The- svsten: prererabiv includes unique transmitter tha: sends both clock and dau. signals over the same transmission line. The ! 
receiver uses the same transmission line to send dan; signals bad: to the transmitter. Trie transmitter comprises a clock generator, a decoder ! 
and r. iinr in ten ace. The clock generator produces a clock signal tha: induces a variabir position falling edge. The falling edge position : 
i: decoded r»- tne receive- to extra:.: dan. from the cioek signal. The receiver comprise: i cicci: re-generator, n data decode; anc r. return 
channel encoder. The cicci: re-generator monitors the transmission line, receive- signaL. niterr their, and generate:- cico: signal a: tne 
receiver from the signal or. the transmission iir.e. The. return, channel encoaer generate: signal: and assert? then; or. thr transmission iint.. 
The siL'nal i> asserted or superimposed ove* the cicci: and cnu. signal provided by the -ransmiiter. 
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Inventors: Gyudong Kim, Min-Kyu Kim & Seung Ho Hwang 

Cross-References To Related Applications 
This application is a utility conversion of U.S.. Patent No. 
60/099,770, entitled "Embedded Back Channel .For TMDS" by Gyudong 
Kim, filed September 10, 1998. 

BACKGROUND OF THE INVENTION 

1 . .Field of "the Invention 
.The present .invention relates generally to the field of 

data communications, and more particularly, to the transmission 
of clock and data signals. Still more particularly, the present 
invention relates to the transmission of clock signals and data 
signals on the same transmission line in transition minimized 
differential .signaling (TMDS) system. 

2 . Description of the Background Art 
There are a variety of prior art systems and method for 

transmitting data between a transmitter and a receiver. Various 
serial links and other methods for transmitting data and clock 
signals are well known. However, most such schemes provide a 
single line or channel dedicated for the transmission of the 

25 clock signals and other signal lines or channels dedicated for 
the transmission of data. Once such system is described by 
Kyeongho Lee, Sungjoon Kim, Gijung Ann, and Deog-kyoon Jeong in 
"A CMOS Serial Link For Fully Duplexed Data Communication," IEEE 
Journal of Solid State Circuits, Vol. 30, No. 4 pp. 353-364, 

30 April 1995. 

The oresent invention will be discussed in the context of 
transition minimized differential signaling (TMDS), however, 
those skilled in rhe art will recognize that zne present 
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requirements making such a solution too expensive. Furthermore, 
such duplication is overkill for the amount of data that needs 
to be sent between the transmitter and the receiver, especially, 
when the application is one of sending video data from a 
transmitter to a receiver such as communication between a 
graphic controller and a video display device. 

Therefore, there is a need for a system and method for that- 
uses the clock signal line also for transmitting data signals 
between the transmitter and the receiver and' vice-versa.. 

SUMMARY OF THE INVENTION 
The present invention overcomes the deficiencies and 
limitations of the prior art with a unique .data communication 
system. The system preferably includes a unique transmitter and 
receiver coupled by a transmission line.. The transmitter sends 
both a clock signal and data signals over the transmission line 
to the receiver. The receiver uses the same transmission line 
to send data signals back to the transmitter.. 

The transmitter preferably comprises a clock generator, a 
decoder and a line interface. The clock generator produces a 
clock signal that includes a variable position falling edge. 
The falling edge position is decoded by the receiver to extract 
data in addition to the clock signal. The line interface 
couples the output of the clock generator to the transmission 
line. The line interface also couples the transmission line to 
the decoder and in doing so removes the signals from the clock 
generator. The decoder receives the signals from the line 
interface and decodes the signal to determine the data being 
sent from the receiver to the transmitter on the same line used 
to send the clock and data from the transmitter to the receiver. 
30 The receiver preferably comprises a line interface, a clock 

re-generator, a data decoder and a return channel encoder. The 
clock re-generator, the data decoder and the return channel 
encoder are coupled to the transmission line by the line 
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The data decoder similarly as coupled to receive the signals on 
the transmission line, and filters and decodes the signals to 
produce data signals. This is preferably done by determining . 
the position of the falling edge of the clock signal and 
translating the falling edge position into bit values. In 
contrast, the return channel encoder generates signals and 
asserts them on the transmission line. These signals are 
asserted or superimposed over the cloc. & data signals provided 

by the transmitter. 

These and other features and advantages of the present 
invention may be better understood by considering the following 
detailed description of a preferred embodiment of the invent ron. 
in the course of this description, reference will frequently be 
made to the attached drawings. 

RRIEF DESCRIPTION OF T HE DRAWINGS 
Figure 1 is a block diagram of system including the 
combined clock and data signal line of the present invention. 

Figure 2 is a block diagram of a portion of the transmxtter 
showing a clock generator, decoder and a line interface. 

Figure 3 is a block diagram of a preferred embodiment of 
the clock generator constructed xn accordance with the present 
invention. 

Figure A is a timing diagram illustrating various clock 
signals that the clock generator of the present invention 

produces . ^ 
Figure 5A is a block diagram of a preferred embodiment ox 
the line interface constructed in accordance with the present 
invention. 

Fxgure 5B is a circuit diagram of the preferred embodxmen. 
of the ixne interface constructed in accordance wxth the present 
invention. 

Figure 6A xs a block diagram of a first embodiment of the 
decoder at the transmitter constructed in accordance with the 
present invention . 
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Figure 6B is a block {diagram of a second embodiment of the 

decoder at the transmitter constructed in accordance with the 

present invention. 

Figure 7 is a block diagram of a first embodiment of 
s portions of the receiver relating to the present invention. 

Figure 8 is a block diagram of a first embodiment of a 
clock re-generator of the receiver. 

Figure. 9 is a block diagram of a preferred embodiment of a 
data decoder of the receiver. 

Figure 10A is a block diagram of a first embodiment of a 
return channel encoder of the receiver.. 

Figure 10B is a block diagram of a second and alternate 
embodiment of a return channel encoder of the receiver. 

Figure lift is a timing diagram illustrating signals on the 
„ transmission line, and the clock and data signals generated by 
the transmitter for return to zero signaling. 

Figure 11B is a timing diagram illustrating signals on the 
transmission line, the data signal sent by the receiver, and the 
clock and data signals recovered by the receiver for return to 
zero signaling. 

Figure 12A is a timing diagram illustrating signals on the 
transmission line, and the clock and data signals generated by 
the transmitter for non-return to zero signaling. 

Figure i 2B is a timing diagram illustrating signals on tne 
transmission line, the data signal sent by the receiver, and the 
clock and data signals recovered by the receiver for non-return 

to zero signaling. 

r^TT^n jgSCRIPTION OF THE PR EFERRED EMBODIMENTS 
H-f erring now to Figure 1, a block diagram of system 100 
in.iudino the combined clock and data signal line of the present 
invon^on is shown. The system 100 preferably incluaes a 
transmitter 102, a clock transmission line 104, a receiver i06 

ri-*a --arsiris^on lines 108. The transmitter 
and one or mor= aa.c — di.au.-— 

• • - „-i ,--:ir,?" w="'i as data signals 
10 o 0 -af<=rablv orovioes c c_o^k s^.g-i-- — 

lo\nl receiver" 106 via the clock transmission line 104. These 

_ ^ j _ s n~ - - -' i~ ~ ^ -nose rrc- \ -O^- - ~ - — 

^--5. signals are ~ - J ** - 
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106 via the high speed data transmission lines 108. The 
receiver 106 receives the sisals oh the transmission line 
"and fro, the,, generates the clock and data signals at the 
receiver 106. These data signals oh the clock Une 104 
a9ain in addition to the data signals that the receiver 1 
recovers fro. the data transmission line 108. The transfer 

■ r ,06 include logic for sending and receiving 
102 and the receiver 106 include lug 

the data fro, data transmission line 108. This logic preferably 
includes transition control, DC balancing, and encoding/ ecoding 
in a conventional manner. For example, in addition to the 
components of the present invention for receiving and send 
data and clock signals on the clock transmission line 104 that 
uill he described below, the transmitter 102 and - ^ 
106 respectively include conventional data transmission logic 
£or TMDS such as that provided in PanelLink by Silicon Image of 
' el, California. For ease of understanding that logic and 

ata remission line 108 are omitted from the discussion 
b elow and the remaining figures. Those skilled in the art will 
also realire that while shown as a single line, the clock 
„ transmission line 10, and the data transmission line a e 
preferably each a differential pair of signal lines, and the 
signal is carried on the differential pair of lines 

= nlled in the art uill understand the 
Furthermore, those skilled in cne 

preferred embodiment for the data transmission line 108 
>5 pairs of data lines. 

T ransmitter , 
Erring now to Figure 2, a preferred embodiment Oi the 

transmitter 102 is shown in more detail. The transmitter 12 
preferably comprises a clock generator 200, a line interface 

™ 204, and a decoder 202. 

The clock, generator 200 has a first input, a secon input 
and an output. The clock generator 200 produces a clock 
that is encoded with data. The data is encooed into .he clock 
signs' by varying the modulation of the falling edge of -h 

„ cxock signal, m other words, the position of the falling edge 

: . ,-^ v * -c. th- riEino eaae indicates cirxeren, 
of the clock relci>--V€ >.o 
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oata values. This is particularly advantageous because it ' 

the clock f or clock recovery. AH 
preserves the rising eoge o. the clock - 

the activity for a bi-directional data link on the clock 

Inlssion line ,0« is centered around the falling edge or .he 
, clock from the transmitter 102. While most of the present 
:: enti on will be described in the context of the 
of the clock having two different positions, Eigures 3 and - 
also be described in the concert of the falling edge of the 
dock having five different positions. Each of the four 
,„ positions representing two bit values and one position 

P . . The first input of the clock generator 

representing no data. T.ne .iirst liip 

0 coup ed to line 21* to receive a dock signal either fro. 
t her portion of the transmitter 102 or from a oscillator or 
oth er conventional clock source. The second input or ock 

i=h +n line 216 to receive control /data 
15 Generator .200 is coupled to line 

:ignals.. These control/data signals dictate the data or no data 
that is transmitted as part of the clock signal. These 
control/data signals may be from another portion of the 
ransmitter 102 or from off chip control logic. The output of 
. e Ilock generator 200 is provided on line 210 that is coup ed 
to an incut of the line interf ace 204 . The output of .he 
generator 200 provides a CGOut signal ^ 

While the present invention is oescrlDea y 
aoolication as preserving the rising edge for the clock signal 
, a d centering all the bi-directional data transmission aoo. the 
.ailing edge, those skilled in the art will realize the. an 

r.m nn orfno is preserved xor 
inverse scheme where tne calling eag- s i> . . . 

I^ino the clock and changes in position of the rising eoge 
I;",,...* for encoding data is within tne spirit and scope or the 

30 present invention. 

" Th- 1<n - interface 204 has an input, an output ano « Dl- 
,.:-=-r.:onal Port. Tne line interface 20, couples the clock 
~;::.: or 200 an= the decoder 202 to the clock transmission line 

- ' _ ^ o p, 4 oreferablv "oup-.es line 

104. The input of the line in^i^ — - ~ _ 

. _ - . ^ - fj/ - r A a ~ Tine Ji - ^ ^ r . ^ - 
110 ~ o "he :.o:l: :r^"^ \ 
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i- . interface 204 is coupled to the input of 
output of the lme interface ^ prface 20 „ advantageously 

the line interface <.uh 
eecoder 202 by Hn 21*. Jb transmis510n line 104, removes 

" gnal . l^^bed beiow wit, reference to 
the CGOut signal as ^ * "he filtered signal as the input to 
Figures 5A and SB, and sends the frit inter face 

„ rf.r 202 The bi-directional port of th. 
the decoder 

to the clock transmrssion line iu«. 
204 is coupled to the £ilte red signals iron, the 

The decoder 202 receives the frltere 9 

^amission line 10, and 2 « £ erably 

of the receiver 106 as will be describe d e ow 

R efemng now to Figures a , t ^ ^ ^ ^ 

£or the cl ::„ :in r : : b 1::^ - >— ■ — ^ 

15 generator 200 will now locat ions to send two 

-in, * - un9 n r:it: n i :z: : l ^ — . — 

bit s of data or no data in a of 

billed in the art will recogn re t la ; s ^ ^ ^ 

exa m ple. The clock generator 200 could ^ ^ ^ 

2 „ from ! to n bits Of data per 0 V - ^ ^ 

—y and the number of o £ ^ 

edge of the clock signal. In ganer 

falling edge „ for t he 

transferred per clock cycle. T locat ion must be 

» — — " f"" 6 :;;,: gre ^ - the logic-thresbold 

such that the pulse - s ^ ^ ^ ^ „ fae 

crossing time of .he 9 reC eiver 106. In other 

jittet by the phase locked loop ; b,, ^ ^ ^ ^ _ 

ClOC Vh:ciock generator 200 preferably generates a clock si gnal 

_ y. t ho fr-eauency used oy d-" 0 
th- do- clock frequency, or the i-eq s 
" _ d ~ Q the receiver 106 for the display cu ,h- 

shown) conn.c.eo .o u ^ ovided bv data transfer as par. 

« data The maximum symbol ^cit_ - 
3d aauc. } -reauency. - 

mc. tones J-'- 



of the clock siana 
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, , f the do, clock is 10Q MHz, the symbol rare is 100 
example .uhe ^ Qn ^ modulatl0 n 

Msymbols/s. The actu.1 ^ ^ ^ 

me thods and the number of bits pe_ 

nt If simple binary modulation rs used, then the b 
sent. If sxmp with would pr0 vxde an add:Uonal 

5 the same and the clock rate w_ 

100M b/s for control signal^ , monosCable 

The clock generator 200 preleraoiy r 

\ 306 a delay-locked loop 300, a multiplexer 302, a 
rou Xtlv ib rator 30 a del V ^ ^ 

£ir£t t RN °200 preferably uses only return to aero signaling for 
10 generator 200 preferaoiy turn to . ze ro 

M the c-ck and data sr . ^ 10 , 

sign allng cann a( and provided as input 

Ih e clock .s gnal « e mult ivibrator 306. 

to the input of .he one sho ^ ^ 

. - T -- i ^^- ::: t r t Ln the clock signal, .his 

i: — l^for use in ^—^3^^ 
200 in an alternated embodiment, the one 

I h a morality of ■ monostable multivibrators each 
replaced by a plurality $ ^ 308 of 

20 respectively coup ed in en i 

the delay locked loop 300.. Such a ^ 

provides more flexibility in the d g „ as „ iU 

300 at the coat of additional mono t ^ ^ Qf ^ 

be understood by ^^."J^ th e input to the 
25 testable multivi ra,or 306 ^ ^ rf . 

delay-locked loop 300. Tn- 
oonventional type and in response to a gn 
provides a plurality of outputs, e - » 9 ^ 

the input only shifted in p asa. n ^ ^ ^ 

„ using a delay-looked loop 3 . ; ^ J ^ „ i£ 

ona 0! - p P- es £rom rhe delay -locked loop 



preferable that „n. - Th , delay-looked 

300 bt the ones oiosa to = =0. 3J-2 . ^ 

loop 300 prei: 

43, <K; £nd ^ 



rh» ones ciud- ~ - , _ , 0 

. . 0 „- oa r siansis: .0, <>-, *2, 

AO op ,00 , - ^ . £ian£l unchanged. 

The 0)0 signc- -~ 



The ql, <j,?, <K 



_ ~- ^ = = c^f-e:. more v:i Jr. 
ir. are esc:- p**ao- 
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WOM/HKS t „ is coupled to a first - 

respect to the previous ♦ signal. he first WAND 

inp ut o f the first NANQ gate, 3D, Tec ^ 
gat e 30, is provided on line 210 and p ov - ^ 
The fitst ,, ND g ate 30, edge en t he ,0 

causes the output of fir H. 9 306 The 

a£serte d untif reset to o ; * ^ m ^ ^ * 
regaining signs a * e o£ ^ multiplexer 

arid ♦„ are coupied to respect! coupled to 

302 . Th e control input of the ™"1P " ^ ^ 

line 216 to receive control/data si a P ^ ^ 

— i/dat :rrii;;arf d r - - ». 

couple one of the sign gate ^ 

*• - d t0 "^r: , ted signal fro. the dela y - 

Thus, the rising edge on .he se.ect ^ ^ 

fccKed loop 300, »>, 0. and *>■ o£ ^ £irst 

be res et and create a falling * • « ^ ^ apparent that 

rr — r;:: in: ^ , ^ - « — 

the position of thefallin^ 



Falling edge 
Position 



Data Sent 




Those si 



ailed in the art will recogni 



200 could be mo 
25 edge positions 



dified to ores 



for the 



2e how the clock generator 

Ker nf different failing 
ce any number 01 c 

^--errinc also to Figure 
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• HSacrran. of the ciock/*0, <j.l, *2, *3, q>4, and *n and 
a a t minq diagram o± 
' • ale! are shown. There are five possible 

the ; k/t0 5ignal is unchanged „ hich is 

CGOut signals. First, t ^ ^^.^ 

just . th e ,p, signai « e ^ ^ a £aiung 

no data.. The remaining CGOutl 9 

ed ge an ao ju ste d position to ime . » . ^ 

.espectiver, each - f£r t „ 0 bits per cl oc k 

th e prefer -bo - J06 in add ition to th. 

fr om the trans™ ^ ^ _ ^ ^ M edge 

:r: tir: d , :::: — — - — — - 

ri aohieve the data transit - P-™- 



x. ,hP receiver 106 embodiments described below 
disadvantages. For the receiver .1 

v.- + „f ri?ta -oer clock is sent, ohe cIock 
where only one bit or data per 

oenerator 200 would output •falling edges at times T.1 .and T3 
" ability of the present .invention to use the doc 

j from the transmitter 102 to 

• Tinp 104 to send data rrom ui- 

present inve n n X ^ ^ ^ ^ ^ 

not neeo to wait for t decre asas the maximum 

rothe; seriai iin.s that -.ire ver, short ateno, ~ 

• x = iivpri bit location is assigneu 
exarmoie, n a xixed d-u , m .., Hor 

" . . ^or fi>-d dot clock) tne synchronization 

fixed Danawxduh per x_x~a a 

h*ad for those channels can be minimized. In .his wa^ 
overnead xor ^ duC o d to ] frame cycle and the 

latency of such links can be .e due. d - _ ^ ^ 

cable flight time. Tne other bx^s o n 
w^h variable bandwidth but the synchronic -ion . 
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r- a receiver 106 will 
addition of data to the, sign,. , ~ ^ (£or 

not have P-"- — ^ 106) 1S added , accordance 
the transmitter 102 or the ^ = n5 m.ission 

with the present invention to the St, 

Une 104. Therefore, the transit e ° P ^ ^ 

invention can still be use d even rf the 

..^ 4-^ rprpive the data signal, 
the capability to recei pre ferred embodiment 

4-^ rnmire and 5B, tne px«j.<=x 
Referring now to Figure oA inte rface 
• tor f a rp 204 is shown. The line 
for the line interface ^ ^ ^ 

preferably courses art p ^ ^ ^ 

506, a differential amplifier 5 essentially a bi- 

r-no The line interlace ^u* 
up resistor 508^ The transmission of data while 

directional bn d ge that allows The input of the first 

receive data fro, the receive 0 - J * ^ ^ 

amplifier S0 2 is coup. , t ^ ^ 

sig nal. The input of th e V ^ ^ ^ t „ 

coupled. The output ° f <*« tl t0 clock 

apP i V an ^ - u .~ 

transmission line voltage to form a 

COUP ied bY the 5 „: MW — be 

""I™; °o nd vjas ^ be understood to - 

coupled to ground , . _ o{ the line 

sailed in the art for alternate emb » - ^ 
terminator. The cloc, transmission e 1 ^ ^ 

5 input of the differential amplify 50^ ^ 
. n ^lifipr 504 is coupled to "cn^ u y 
differential amplifier „n fier 506 also receives 

second amplifier S06. The second « Qr 

the CGOut signal and amplifies the sign 1. b»t ^ 
lesse r extent than the first ampline 02 ,h 
30 amplifier SO, subtracts the CGOut sign f ^ ^ 
recei ved fro, the doc* trans™ l - ^ ^ ^ 212 

of the differential amplifier 50 tha ^ 
Eludes predomr natelythe srgna ^ ^ signal . I" 

on "-he clock rransmi^-on -r.- - ^ Qur?ut 

ar , identical circus w^u -np 
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. ■] ma „ _ le . A b e ilsed in the receiver 106 as will 
coupled difrerently may also oe ub=;u 

be described below with reference to Figure 7. 

Referring also now to Figure 5B, a circuit diagram for one. 
exemplary embodiment for the line interface 204 is shown. The 

reference numerals for clarity and ease of understanding. The 
signals preferably use differential pairs are indicated by 
reference numerals "a" and «b" as will be understood to those 
skilled in the art. The transistors and other components 
forming the second amplifier 506 and the differential .amplifier 
504 are shown grouped within dashed boxes as will be understood 
to those skilled in the art. The remaining transistors and 
other components :fx .om the first amplifier (not .labeled .in Frgure 
5B) It should be noted that .some of the transistors rn the 
second amplifier -506 .are for impedance matching, and have thexr 
gates coupled to signal line 5:22 to be biased for impedance 
.etching in a conventional manner. Some of the txansistor, in 
the differential amplifier 504 are also coupled to .line 520 for 
biasing In alternate embodiments, the outputs of xhe 
differential amplifier 504 could be coupled to line 520 and 
thereby provide a single output signal as will be realized by 
Zse silled in the art. Those skilled in the art will further 
recognize that in alternative -embodiments, various other 
conventional bi-directional buffers could be used in place of 
the circuits shown in Figures 5A and 5B. 

4-^ r^n-pq 6£ and 6B, two alternate 
Roforrino now to iigures da dIlu u -*' 

^bodi^nt. for the decoder 202 are shown. The embedment for 

decoder 202 is dependent on the type of signaling berng used 
by'thl corresponding encoder 70. (See Figure 7 and below) rn the 
receiver 106. Figure 6ft shows a bloc): diagram of the nrst 

opo- -v-^ rr?nsipJ tter 106 xor use 

emDOGimem o± -ne aecoj — 

»H *1» receiver 106 sends the data in a non-return to zero 

sionaling. As shown in Figure 6ft, when the receiver 106 
,.„„. in MRZ (non-return to aero) manner and toggles cats 

. . ..■■>.-. .do- '--'nee the clock toggles its 
-allinc edoe randomly Lr. -zzz-zanze * j. - * . r'-- 3 
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since the delay xs a function of cable delay, at the transmitter 
side, it is not predictable fthere the relative location of the 
data' transition will be, even thought it may have been obvious . 
at the receiver side. Because of this ambiguous delay, the 
decoder 202a oversamples the data provided from the clock 
transmission line 104/212. Since the incoming data rate is the 
same is outgoing data rate, the present invention generates 
multiple phases of clocks from the clock signal on line 214. 
Using these clocks, the signal line 212 is sampled multiple 
times per data period to locate a data transition. Once the 
transition is detected, it is used as the data boundary. 

As shown in Figure 6A, the first embodiment of the decoder 
202a preferably comprises a delay-locked loop 602, a sampling 
unit 604, a data generator and a transition detector 608. The 
delay-locked loop 602 has an input coupled to receive the clock 
signal on line 214. The same delay-locked loop could be used in 
both the clock generator 200 and the decoder 202. The delay- 
locked loop 602 is of a conventional type and provides a 
plurality of version of the clock signal phase shifted. Outputs 
of the delay-locked loop 602 are coupled to respective inputs of 
the sampling unit 604. The sampling unit 604 includes control 
logic for generating a signal on a first output that controls 
when the transition detector 608 samples and latches the signal 
on line 212. For example, the sampling unit 604 can generate 
this control signal for every rising edge seen at the input from 
the delay-locked loop 602. The first output is coupled to an 
input of the transition detector 608. The sampling unit 604 
also provides a time signal on a second output indicating the 
signals from the delay-locked loop 602 that have transitioned, 
and thus, the time within the clock cycle. The second output of 
the samoling detector 604 is coupled to an input of the data 
generator 606. The transition detector 608 has an input coupled 
to line 212 to receive the signal from the receiver 106. The 
transition detector 608 detects transitions in the signals on 
the line 212. When a transition is present the transition 
detector 608 asserts its output. Tr.fr data generator 606 is 
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coupled to the sampling unit. 604 .to receive a signal indicating 
the" time within the clock cycle and the transition detector 603 
to identify when the transition occurs. Using this information, 
the data generator 606 outputs the bit values corresponding to 
when the transitions occur. For example if the transition .is 
before the time for a falling edge of the clock if it had a 50% 
duty cycle then the data generator 606 may output a 1 if after 
the data generator 606 could output a 0 if the data rate were 
one bit per clock cycle. Those skilled in the art will 
recognize how the data generator 606 could be modified according 
to the number of bits per clock cycle transmitted by the 
receiver 106.. The output of the data generator 606 is provided 
on line .218 for use by the transmitter 10.2.. 

Figure 6B shows an alternate embodiment for the decoder 
202a. When .receiver 106 sends data in return to .zero (RZ) 
manner, the rising edge of the incoming clock is preferably used 
as the data .reference point, and a phase in the middle of .those 
consecutive rising edges is generated and used to sample the 
incoming data at that point. Thus, the decoder .20.2a comprises 
merely a delay-locked loop 650 and a flip-flop 620. The delay- 
locked loop 650 preferably provides a signal that has a rising 
edge in about the middle of the clock cycle such as ((.3. This 
signal is coupled to the clock input of the flip-flop 620 to 
cause the flip-flop 620 to latch near the middle of the clock 
cycle. The data input of the flip-flop 620 is coupled to line 
212 to receive the data signal sent by the receiver 106 and the 
D output of the flip-flop 620 provides the data output and is 

coupled to line 218. 

Those skilled in the art will recognize that the decoder 
202 may alternatively formed as an integrator type receiver 
wnere the period of the clock is subdivided and the integrator 
intecrates over the subdivided time periods and compares the 
integration results. The signal is effectively integrated anc 
dumped for comparison to determine the data values. 
Receiver 
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Figure 7 shows a preferred embodiment for the receiver 3 06 
constructed in accordance with the present invention. The 
receiver 106 preferably composes a line xnterface 706, a clock. 
.... cnc . a *nr 700, a data decoder 702, a delay compensator 708 
and a return channel encoder 704. 

The line interface 706 is preferably rdentical to that 
described above with reference to Figure 5A and SB. However, 
for the receiver 106, the line interface 706 is completely 
optional and the receiver 106 can operate without it. The line 
interface 706 buffers the signals and filters them for better 
use in recovery. The line interface 706 has an input, an output 
and a bi-directional port. The bi-directional port is coupled 
to the clock transmission line 104. The input of the line 
interface 706 is coupled to line 720 to receive the output of 
the return channel encoder 704. The output of the line 
interface 706 is coupled to line 722 to provide input signals to 
the clock re-generator 700 and the data decoder 702. For ease 
of understanding reference numerals for the line interface 706 
have been added to Figure 5A. 

The clock re-generator 700 has an input and an output. Tne 
input of the clock re-generator 700 is coupled to receive the 
signals on the clock transmission line 104 via line 722 from the 
line interface 706. The clock re-generator 700 monitors the 
transmission line 104, receives signals, filters them and 
generates a clock signal at the receiver 106. The output of the 
clock re-generator 700 is coupled to line 710 and provides the 
clock signal for the receiver 106 to use in recovering data from 
the data channels 108. The clock re-generator 700 
advantageously only uses the rising edges of the signals on the 
transmission line 104 to regenerate the clock signal at the 
ro , eiv . r 106. This allows the falling edge position and voltage 
level to be used for other data transfer. The preferred 
embodiment for the clock re-generator 700 is simply an amplifier 

• , am^i-if-ied version of the signal to other 

that can provide and ara^i-neo v 

■ ■ -inri- p^fe—'ina now also to Figure 

diaital loaic receiving i.n* ..lock. -^e— d 

. r- «--a=Ti'rator 700 is shown. 
8, another embociment :or .ne c.u.i. a-n 
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In Figure 8, the clock re-generator 700 is a phase-locked loop 
800 that has an input that is coupled to the transmission line 
104 and an output that provides the clock as a square wave. The 
phase-locked loop 800 is a conventional type and includes a 
phase detector 802, an amplifier and filter 804 and a voltage 
controlled oscillator 806. These components 802, 804, 806 are 
coupled in a conventional manner with the input of the phase 
detector 802 coupled to line 104 and the output of the voltage 
controlled oscillator providing the clock signal and being feed 
back to the phase detector 802. Those skilled in the art will 
.recognize that various other embodiments of phase-locked loops 
could be used for the clock re-generator 700 since it is only 
necessary to detect the .rising edges on the transmission line 
104 and produce a clock signal therefrom. Alternate embodiments 
.for the clock re-generator 7 00 could also use a delay-locked 
loop. 

The data decoder 70.2., like the clock re-generator 700, has 
an input coupled to receive the signals on the transmission line 
104 via line 7.22 from the line interface 706. The data decoder 
702 .filters and decodes, the signals to produce data .signals that 
are output on line 712. The data decoder 702 also has another 
input coupled to line 7.10 to receive the recovered clock signal 
from the clock re-generator 700. This is preferably done by 
determining the position of the falling edge of the clock signal 
and translating the falling edge position into bit values. The 
data being sent from the transmitter 102 to the receiver 106 is 
valid on the falling edge of the clock. Referring also now to 
Figure 9, a preferred embodiment for the data decoder 702 will 
be discussed. The preferred embodiment of the data decoder 702 
is very similar to the second embodiment of the decoder 202b of 
the transmitter 102. The data decoder 7 02 differs only in its 
coupling to other components which is shown in Figure 9. The 
date decoder 702 includes a delay-locked loop 550 and a flip- 
flop £20. The clock input of the delay-locked loop 650 is 
couoiec -o line 710 zo receive -he regenerated clock signal, 
m-. 0 -•-,->— -he flic-flor £20 is coupled :■: line "12 
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receive the filter data signals from the transmission line 104. 
The output of the f lip-f lop .620 provides the data output and xs 
coupled to line 712. The operation is same as has been 
described above with reference to Figure 6B. 

~ The delay compensator 708 is coupled to line 710 to receive 
the recovered clock signal. The delay compensator 708 adjusts 
the recovered clock signal to compensate for propagation delay 
over the transmission line 104 and propagation delay in 
recovering the clock such that the signal used to time the 
sending of data back to the transmitter 102 will have timxng 
that matches the original clock signal on the transmitter sxde 
of the clock transmission line 104. The output of the delay 
compensator 708 provides an adjusted clock sxgnal and is used by 
the return channel encoder 704. In a preferred embodiment, the 
delay compensator 708 is a phase-locked loop with a delay 
circuit in the feedback loop between the voltage-controlled 
oscillator and the phase detector, as will be understood to 
those skilled in the art. Such a configuration provides 
negative delay so that the clock signal for return channel 
signals is moved ahead so that with propagation delay xt wxll 
matches the timing of the CGOut signal at the transmitter 102. 

The return channel encoder 704 generates signals and 
asserts them on the transmission line 104 via line 720 and the 
line interface 706. The return channel encoder 704 has a data 
input coupled to line 714 to receive the control and data 
signals to for the data to be sent on the return channel. The 
return channel encoder 704 also has a clock input coupled by 
line 724 to the output of the delay compensator 708 to recexve a 
modified clock signal for timing the assertion of data and 
change in data states. These signals are asserted or 
superimposed over the clock s data signals provided by the 
transmitter 102. The return channel encoder 704 advantageously 
sends data back to the transmitter 106 on the falling edge or 
the clock thereby preventing the return channel 704 from causing 
any jitter on the clock sxgnal. More specifically, the return 
channel encoder 704 minimizes transition activity only around 
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the rising edge of the clock,, and minimizes activity by fixing 
the polarity around the rising edge. This is accomplished by 
including a delay-locked loop in the return channel encoder 704, 
The return channel encoder 704 advantageously places data on the 
transmission line 104 or clock pair in the form of voltage 
signal and not edge position, thus reducing any interference and 
effect on the transmission of the clock and data signals by the ■ 

transmitter 102. 

' Referring now to Figure 10A, a first embodiment o.f the 
return channel encoder 704a is shown. -The first embodiment 
return channel encoder '704a provides the .minimum functionality 
for transmission.. For example, the .return channel encoder 704a 
could be a 1-bit link. This has a low data rate and does not 
allow DC balancing., however it is advantageous .because there is 
no latency (once the data is at the •.transmitter there .is :no 
latency due to decoding) in getting the data and It is .simple to 
implement.. The .first embodiment of the return channel encoder 
•704a includes a .rising edge detector .100.2, a delay circuit 1004 
and a latch 1008. The rising edge detector .100.2 has an .input 
coupled to line 724 to receive a signal .for timing the changing 
of the data output. The rising -edge detector 100.2 detects the 
rising edge and then asserts its output upon receiving rising 
edge. The output of the rising edge detector .1002 Is coupled to 
the input of a delay circuit 1004. The delay circuit delays the 
signal" output of the rising edge detector 1002, such as by half 
the clock period. Thus, the output of the delay circuit 1004 is 
at a time of an ideal falling edge if the clock were to have a 
50% duty cycle. The output of the delay circuit 1004 is used to 
control" or latch the latch 1006. Thus, the data will only 
change state on an ideal falling edge of the input timing signal 
on line 724. The latch 1008 also has a data input and a data 
output. The data input is coupled to line 714 to receive the 
data, and the data output is coupled to line 720 for assertion 
by the line interface 706. Those skilled in the art will 
understand now zo cons-rje. o_:;-_ — 
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as when more that one bxt xs send back to the transmitter 102 

per clock cycle. 

Furthermore, those skilled in the art will realize that the 
rising edge detector 1002 and the delay circuit 1004 may be 
replaced by a delay-locked loop or a phase-locked loop as will 
now be discussed with reference to Fxgure 10B. Referring now to 
Figure 10B, a second embodiment of the return channel encoder 
704b is shown. The second embodiment of the return channel 
encoder 704b includes a delayed locked loop 650 and a flip-flop 
620 This is identical in operation to Figure 6B, and it 
operation has been described above. The input to the delayed 
locked loop 650 is coupled to line 724 and the data input of the 
flip-flop 620 is coupled to line 714. The data output of the 
flip-flop 620 provides the data output on line 720. 

Is should be understood that the either embodiment of the 
return channel encoder 704a, 704b could also include an encoder 
for providing encoding of the data before transmission over the 
return channel. The addition of an encoder such as 4bit/5bxt 
encoder or a 9bit/10bit encoder is advantageous because it 
increases the amount of data that can be sent per clock cycle. 
It also provides DC balancing and transition control. However, 
it makes the transmitter and receiver designs more complicated 
and adds latency to the availability of the data. 

Referring now to Fxgures 11A, 11B, 12A, and 12B, timing 
diagrams for the key signals of the present xnvention are shown 
The timing diagram includes: 1) the CGOut signal on lxne 210 
which is asserted on the clock transmission line 104; 2) the 
signal on the clock transmission line 104; 3) the re-generated 
clock signal on line 710; 4) the recovered data signal on lxne 
712; and 5) the return channel signal asserted by the return 
channel encoder 704 on the clock transmission line 104. Fxgure 
11A illustrates the signals at the transmitter 102 using a 
return to zero signaling method. Similarly, Figure 11B 
illustrates signals on the transmission line, and signal in tne 
receiver 106 usxng a return to zero signaling method. In 

-->, ., rir i iip c-hov zm siqnal relationships tor 
contrast, Figures ±-h cine ..ru>* * 
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a non-return to zero signaling method. Figure 12A shows the 
signals at the transmitter 102 and Figure 12B shows the signals 

at the receiver 106. ^ 
These timing diagrams demonstrate a number of features of 
the combined clock and bi-directional data link of the present 
invention. First, that transition activity and polarity 
activity by either the transmitter 102 or the receiver .106 is 
minimized or eliminated close to the rising edge of the CGOut 
signal. Second, the transmission of data from the transmitter 
102 to the receiver 106 is through the position of the falling 
edge of the clock signal. Third, the transmission of data from 
the receiver 106 to the transmitter 102 is by current or voltage 
level adjustment and any changes are not made near the rising 
edge of the -clock signal from the transmitter 102. Fourth, the 
effect of assertion of data signals .by 'the receiver 106 does not 
impact the edges in the signals from the transmitter 10.2. 
Clock Mu lti plication 

One important advantage of the present invention is that no 
modification to any portions of the present invention need to be 
changed to be operable with or without clock multiplication. In 
some cases, the transmitter 102 and the receiver 106 have the 
ability to increase the data transmission rate by increasing the 
clock rate through clock multiplication (sending multiple clock 
signals within one period of the clock signal). In such a case, 
the transmitter 102 asks the receiver 106 if it can handle clock 
multiplication. The receiver 106 indicates to the transmitter 102 
what if any levels of clock multiplication can be handled. The 
transmitter then sends on the highest clock multiplication level 
possible. in clock multiplication, the transmitter 106 just sends 
a multiplied clock, however, the receiver 106 has to divide that 
.uiHoiied clock down to the original pixel clock so that the main 
d*--a channel can make use of the clock. The phase information on 
the clock is also important in some data links and it can also oe 
convevec through the data link provided with the present 
invention. In the transmitter 102, a DLL/PLL is used to multiply 
'= ir.teoer multiple of the insomin? clock. For some 



:hs cloth at 



I-CT/US99/20488 

WQ 00/1 6525 

transmission lines, since the jitter information is important 
only inteeer multiple is allowed. However, if this is not the 
important, ratronal number multiples can also be used to save 
bandwidth. 

It is to be understood that the specific mechanisms and 
techniques that have been described are merely illustrative of 
one application of the principles of the invent ion. Numerous 
additional modifications may be made to the apparatus described 
ab ove without departing from the true spirit of the invention. 
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WHAT IS CLAIMED IS : 

1. Art apparatus for transmitting a. clock signal and data . 
signals over a signal line, the apparatus comprising a clock 
generator having a first input, a second input and an output, 
the clock generator modulating a falling edge of an output 
signal to indicate different data values, the first input of the 
clock generator coupled to receive a clock signal., and the 
second input of the clock generator coupled to .receive a control 
signal indicating a data value to be transmitted.. 

2. The apparatus of claim 1, further comprising a data 
decoder for extracting data signals, the data decoder .having a 
input and an output, the data decoder for extracting .data 
signals, the input of the data decoder coupled to the signal 
line, the output providing data from the signal line. 

•3. '.The apparatus of claim 2, further comprising a line 
interface for asserting signals on and extracting signals .from 
the signal line, the line interface having an input, an output 
and a bi-directional port, the bi-directional port coupled to 
the signal line, the input of the line interface coupled to the 
output of the clock generator, the output of the line interface 
coupled to the input of the decoder. 



4. The apparatus of claim 3, wherein the line interface 
further comprises a first amplifier coupling the output of the 
clock generator to the signal line, a differential amplifier 

25 having a first input coupled to the signal line, a second 

amplifier coupling the clock generator to a second input of the 
differential amplifier, and the output of the differential 
amplifier providing the outpur of the line interface. 

5. The apparatus of claim 1, wherein the clock generator 

3C furcner comprises: 

a deiay-lockec loop having an input and a clura.icy zz 

ducoucs for cucpcccinc signals sr.ifcec ir. phase frcrr. 
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an input signal, the input of the delay-locked loop 
coupled to receive' the clock signal; 
a multiplexer having a plurality of inputs. and an output 
for selecting one of the plurality of input signals 
for output, the plurality of inputs of the multiplexer 
coupled to respective outputs of the delay-locked 
loop; and 

a latch having a first input and a second input, the first 
input coupled to an output of the delay-locked loop, 
and the second input coupled to output of the 
multiplexer. 

6. The apparatus of claim 5, further comprising a 
monostable multivibrator having an input and an output, the 
input of the monostable multivibrator to receive the clock 
signal, the output of the monostable multivibrator coupled to 
the input of the delay locked loop. 

7. The apparatus of claim 5, wherein the latch further 
comprising a pair of cross coupled NAND gates. 

8. The apparatus of claim 2, wherein the decoder further 
comprises 

a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
an input signal, the input of the delay-locked loop 
coupled to receive the clock signal; 

a sampling unit having a plurality of inputs, a first 
output and a second output, the sampling unit for 
controlling when signals are sampled and for 
indicating the time at which signals are sampled, the 
plurality of inputs coupled to respective outputs of 
the delay-locked loop; 

a transition detector for determining when there is a 

transition in a signal, the transition detector having 
a data input , a control input and a data output, the 
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data input of the transition detector coupled to the 
signal line, the control input of the transition 
detector coupled to the first output of the sampling 
unit; and 

a data generator having a first input, a second input and 
an output, data generator for producing bit values 
corresponding to when transitions occur on the signal 
line, the first .input of the data generator coupled to 
the- second output of the sampling unit, the second 
input of the data generator coupled to the output of 
the transition detector.. 
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•9.. • The apparatus of claim .2, wherein .the decoder further 
comprises 

a delay-locked loop having an input and a plurality of 

outputs :for outputting signals .shifted in phase from 
■an -input signal, :.the input of the delay-locked loop 
coupled to receive the clock signal; 
a flip-flop having an control input-, a data input and an 

output, the control input of flip-flop coupled to one 
of the plurality of outputs of the delay-locked loop, 
• and the data input of the flip-flop coupled to the 
signal .line. 

10. The apparatus of claim 1, wherein the apparatus is 
coupled by the signal line to a receiver, and wherein the 
25 receiver further comprises: 

a clock re-generator having an input and an output for 

recovering a clock signal from the signal line, the 
input of the clock re-generator coupled to the signal 

a secoiTdecoder for extracting data signals, the second 
decoder having a first input, a second input and an 
output, the second decoder for extracting data 

-: m ,r o- -he second decoder coupled 
signals, tn- _npu. o_ 

- ~~> - nnj* of tne second 

to the stgna- line, _n = s-e-on- -npj- 
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decoder coupled to the output of the clock re- 
generator and the 'output providing data from the 
signal line. 

11. The apparatus of claim 10, wherein the clock re- 
generator of the receiver is an amplifier. 

12. The apparatus of claim 10, wherein the clock re- 
generator of the receiver is an phase-locked loop. 

13. The apparatus of claim 10, wherein the second decoder 

further comprises 

a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
an input signal, the input of the delay-locked loop 
coupled to output of the clock re-generator; 
a sampling unit having a plurality of inputs, a first 
output and a second output, the sampling unit for 
controlling when signals are sampled and for 
indicating the time at which signals are sampled, the 
plurality of inputs coupled to respective outputs of 
the delay-locked loop; 
a transition detector for determining when there is a 

transition in a signal, the transition detector having 
a data input, a control input and a data output, the 
data input of the transition detector coupled to the 
signal line, the control input of the transition 
detector coupled to the first output of the sampling 
unit; and 

a data generator having a first input, a second input and 
an output, data generator for producing bit values 
corresponding to when transitions occur on the signal 
line, the first input of the data generator coupled to 
the second output of the sampling unit, the second 
input of the data generator coupled to the output of 
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14. The apparatus of olaim -10, wherein the second decoder 
further comprises 

a delay-locked loop having an input .and a plurality of 

outputs for outputting signals shifted in phase from 
an input signal, the input of the delay-locked loop 
coupled to the output of the clock .re-generator; 

a flip-flop having an control input, a data input and an 

output, the control input of flip-flop coupled to one 
of the plurality of outputs of the delay-locked loop, 
and the data input of the flip-flop coupled to the 
signal line.. 

15. The apparatus of claim 10, further comprising a second 
line interface for asserting signals on and extracting .signals 
from the signal line, the .second line interface having an input, 
an output and a bi-directional port,, the bi-directional port 
coupled "to the signal line, the output of the line interface 
coupled to the input of the second decoder and the clock re- 
generator. 

16. The apparatus of claim 10., further comprising a delay 
compensator having an input and an output for adjusting a 
recovered clock signal to compensate for propagation delay, the 
input of the delay compensator coupled to the output of the 
clock re-generator. 

17. The apparatus of claim 16, further comprising a return 
channel encoder having a first input, a second input and an 
output, for sending signals on the signal line, the first input 
of the return channel encoder coupled to receive data for 
transmission, the second input of the return channel encoder 
coupled to the output of the delay compensator, and the output 
of the return channel encoder coupled to the signal line. 

18. The apparatus of claim 17, wherein the return channel 
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an input signal, the input of the delay-locked loop 
coupled to tine output of the delay compensator; 
a flip-flop having an control input, a data input and an 

output, the control input of flip-flop coupled to one 
of the plurality of outputs of the delay-locked loop, 
and the data input of the flip-flop coupled to the 
signal line. 
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